Background. Multidisciplinary therapy for pancreatic cancer involves radical resection followed by gemcitabinebased chemotherapy. Carbohydrate antigen 19-9 (CA19-9), when elevated preoperatively, is a useful marker to monitor disease status following resection. However, little has been reported on outcomes of patients in whom CA19-9 never normalizes. We hypothesize that failure of CA19-9 normalization within 6 months is prognostically equivalent to metastatic disease. Methods. From our pancreatectomy database, we identified 93 patients with pancreatic adenocarcinoma and elevated CA19-9 prior to resection with levels recorded postoperatively. Patients were grouped based on normalization or persistent elevation of CA19-9 at 6 months after resection. CA19-9 levels normalized (B35 u/ml) after resection in 38 (41%) and remained elevated in 55 (59%). Clinicopathologic characteristics were compared using Student's t-test and contingency table analyses. Survival curves were constructed using Kaplan-Meier method and compared by log-rank analysis. Cox regression was used to determine predictors of survival.
which persisted when controlling for nodal status. Multivariate analysis demonstrated persistently elevated CA19-9 as the sole statistically significant negative predictor of survival [hazard ratio (HR) 2.20, p = 0.002].
Conclusions. Persistent CA19-9 elevation after pancreatectomy correlates with shorter survival analogous to unresected or metastatic disease and should be regarded as persistent disease regardless of radiographic findings. These patients should be considered for accrual to clinical trials or initiation of alternative therapy.
Pancreas cancer remains one of the most lethal cancers. In the USA, there were an estimated 42,470 newly diagnosed cases in 2009. Of continued concern are the estimated 35,240 deaths from pancreas cancer in 2009, being the fourth leading cause of cancer death among both genders. 1 This dismal prognosis owes to the propensity for early metastasis and, hence, late presentation as well as its inherent resistance to conventional chemotherapy and radiation. As such, surgical resection remains the only hope for cure, with adjuvant chemotherapy offering modest improvement in survival. 2 Current National Comprehensive Cancer Network (NCCN) guideline recommendations support use of 5-fluorouracil (5-FU)-based chemoradiation with additional gemcitabine chemotherapy or single-agent chemotherapy alone with gemcitabine (preferred chemotherapy), capecitabine, or 5-FU after pancreatectomy followed by observation. 3 However, it is difficult to determine who benefits most from adjuvant chemotherapy given the high recurrence rates.
There have been multiple serum-and tissue-based markers that have been investigated as potential prognostic tools in pancreatic cancer. 4, 5 Carbohydrate antigen (CA19-9) is well recognized as an important marker for diagnosis and prognosis in pancreatic cancer. [6] [7] [8] In advanced disease, rise and fall in CA19-9 levels act as surrogates of progressive disease and response to therapy, respectively, in clinical trials in spite of lack of changes in radiographic tumor burden. 9 However, patients without radiographically detectable disease after curative resection who have persistently elevated CA19-9 levels are generally not eligible for clinical trials testing novel therapies or second-line therapy designed for those with metastatic disease. While most clinicians agree that patients who fail to have normalization of CA19-9 levels after curative resection for pancreatic cancer have undetected metastatic disease, little has been reported regarding outcomes in these patients following surgery. As such, we sought to determine survival following curative resection in patients with pancreatic cancer and the impact of postoperative CA19-9 changes relative to tumor stage.
PATIENTS AND METHODS

Patients
This study protocol was approved by the Institutional Review Board at The Ohio State University. Between 1998 and 2008, 317 patients who underwent pancreatectomy for pancreatic cancer were identified from our database. This group was then examined to identify patients with preoperative and postoperative CA19-9 level measurements. From this, we were able to identify 93 patients with elevated CA19-9 levels prior to resection and CA19-9 levels measured after pancreatectomy. We elected to use a 6-month cutoff for time to normalization of CA19-9 levels to allow an adequate period of time for postoperative recovery, resolution of biliary and/or pancreatic duct obstruction, completion of adjuvant therapy when administered, and time for acquisition and normalization of CA19-9 levels prior to disease recurrence. 10 Patients were stratified into two groups based on the postoperative CA19-9 nadir: those with normalization (B35 u/ml) of CA19-9 levels within 6 months of resection and those with persistent elevation of CA19-9 levels 6 months after resection. Postoperative CA19-9 levels within 6 months normalized after resection in 38 (41%) patients and remained persistently elevated in 55 (59%).
Preoperative workup for patients analyzed included radiologic staging, biochemical labs, and routine medical assessment. Regarding radiologic staging, helical computerized tomography (CT) of abdomen/pelvis (pancreas protocol) was routinely obtained. Chest imaging included either chest X-ray (CXR) or chest CT to rule out evidence of thoracic metastatic disease. Given this, it is theoretically possible that patients who underwent CXR preoperatively could have undetected thoracic metastatic disease. However, isolated thoracic disease without abdominal metastases is uncommon, and patients with extrapancreatic abdominal disease would not have gone on to resection and been included in this patient cohort.
As postoperative surveillance was not protocol driven, radiographic assessment was not standardized. In accordance with standard accepted practice, patients routinely underwent restaging cross-sectional imaging after they recovered from their surgery and/or prior to initiation of adjuvant therapy to assess for evidence of recurrence or metastatic disease.
Statistical Analysis
Patients' demographics and clinicopathologic characteristics were compared between groups using Student's ttest for continuous variables and contingency table analysis (chi-square or Fisher exact test, where appropriate) for categorical variables. Statistical test results were two sided, and p \ 0.05 was considered statistically significant.
Demographic analysis for comorbidities was undertaken incorporating the Charlson comorbidity index, an index that assesses patient risk based on major comorbid conditions. 11 Major comorbidities included heart disease (coronary artery disease, congestive heart failure), pulmonary disease, kidney disease, cerebrovascular disease, liver disease, diabetes mellitus with/without end organ damage, connective tissue disease, ulcer disease, and history of other cancers.
Survival Analysis
Survival data were obtained on all patients through the use of our institution's electronic/paper medical record and the Social Security Death Index (SSDI; http://ssdi.rootsweb. ancestry.com) as of 28 January 2010 (last SSDI update) to determine date of patient's expiration. Length of survival was determined from the date of surgery to date of expiration from any cause or to the date of most recent SSDI update (28 January 2010) in living patients. Statistical survival analysis was undertaken using the Kaplan-Meier method with group comparisons by log-rank analysis. Multivariate analysis was undertaken using Cox proportional-hazards regression using a forward selection, likelihood ratio (LR) model. Two perioperative deaths were excluded from all survival analyses. All statistical analyses were completed using SPSS 18.0 (SPSS Inc., Chicago, IL).
RESULTS
Demographic/Clinicopathologic Analysis
There were no significant demographic differences between patients with and without normalization of their postoperative CA19-9 levels in terms of age, gender, associated major comorbidities, and adjuvant therapy administration (Table 1) . Postoperatively, 78/93 (84%) patients had followup data regarding adjuvant treatment. While adjuvant therapy was offered to all of these patients, 62/78 (79%) received adjuvant therapy and the remaining 16 (21%) did not. This difference was not statistically significant (p = 0.08). In general, those patients receiving adjuvant therapy underwent standard gemcitabine-based chemotherapy or chemoradiation therapy with 5-FU followed by gemcitabine. Those patients who demonstrated recurrence or progression were considered for second-line therapy or clinical trials.
There were no statistically significant differences between groups with regard to the clinicopathologic characteristics of mean preoperative bilirubin, preoperative biliary stenting, tumor size, tumor location, T stage, resection margin status, lymphovascular invasion, perioperative complications, perioperative mortality, median preoperative CA19-9, and postoperative nadir CA19-9 levels (Table 1) . However, patients who did not have normalization of their CA19-9 after surgery were more likely to have nodal metastases and perineural invasion. Of the 60 total patients with node(?) disease, only 17 (28.3%) had normalization of their CA19-9 after resection, whereas 21 of the 33 (63.6%) with node(-) disease had normalization of their CA19-9 levels (p = 0.001). Similarly, patients with perineural invasion were less likely to normalize their postoperative CA19-9. Of the 78 patients with perineural invasion, only 28 (35.9%) had normalization of their CA19-9 after resection, whereas 9 of 10 patients (90%) with absence of perineural invasion had normalization of their CA19-9 levels (p = 0.003). As expected, the postoperative CA19-9 nadir was higher in the persistently elevated group. These patients were also more likely to have higher CA19-9 levels prior to surgery (Table 1) . On average, a greater mean percentage reduction in CA19-9 was seen per patient in the group demonstrating normalization of CA19-9 compared with patients with persistently elevated CA19-9 (85 vs. 70%, p = 0.002) after exclusion SD standard deviation a Denominator denotes the number of patients for whom data was documented of 16 patients in the latter group whose CA19-9 levels increased after resection.
Survival Analysis
Overall median survival for all patients was 16.2 months. Failure to normalize CA19-9 postoperatively was associated with poorer survival (median 10.8 vs. 23.8 months, p \ 0.001). Life table analysis demonstrated 2-year survival of 19 and 47% for persistently elevated CA19-9 and normalized CA19-9, respectively, and 3-year survival of 9 and 33% ( Table 2) . As expected, node-positive disease was also associated with shorter survival of 13.5 months compared with 25.2 months with node-negative disease (p = 0.002).
Given the impact of postoperative CA19-9 and nodal status on survival, patients were stratified into four groups: normalized CA19-9/node(-) (n = 21), normalized CA19-9/node(?) (n = 17), elevated CA19-9/node(-) (n = 10), and elevated CA19-9/node(?) (n = 43). Patients with persistently elevated postoperative CA19-9 had worse survival than those who normalized their CA19-9 regardless of lymph node status (p = 0.001, Fig. 2 ). Patients with node-negative disease who had normalization of their CA19-9 had the longest overall survival. Patients with node-positive disease who had normalization of CA19-9 still had median overall survival nearly twice that of those with node-negative disease who failed to normalize their CA19-9 (Table 3) .
Univariate analyses were undertaken of all measured variables to determine those most likely to predict survival (Table 4) . Persistently elevated postoperative CA19-9 (p \ 0.001), perineural invasion (p = 0.05), and nodepositive disease (p = 0.002) were the only predictors of survival on univariate analysis. However, on multivariate analysis, the only statistically significant predictor of survival was persistently elevated postoperative CA19-9 level [p = 0.002, HR = 2.20, 95% confidence interval (CI) 1.22-3.63] (Fig. 1, Table 4 ).
DISCUSSION
Overall, pancreas cancer portends very poor prognosis, even in the minority of patients who are amenable to surgical resection. Undoubtedly, dismal results after resection stem from progression of metastatic disease occult at time of surgery. Presently, clinicians generally utilize surgical pathologic characteristics, radiographic surveillance, and CA19-9 levels to guide treatment strategies. Our investigation and analysis suggest a potentially important role of postoperative CA19-9 levels to direct therapy and certainly to predict outcome.
We limited our investigation to patients in our pancreatic cancer database who underwent radical resection with curative intent, had elevated preoperative CA19-9, and had CA19-9 followed in the early postoperative period. The resultant 93 patients were then divided into two groups based upon normalization of CA19-9 at 6 months. We chose this 6-month cutoff to allow adequate time for recovery from surgery, relief of biliary or pancreatic obstruction, and completion of all or the majority of any adjuvant therapy yet prior to the time where elevations in CA19-9 could be accounted for by appearance of recurrent disease. Using these criteria, we found the two groups to be similar in nearly all clinicopathologic characteristics measured with the exception of presence of nodal metastases and perineural invasion. This is certainly not unexpected given the association of these factors with more biologically aggressive disease. However, when we controlled for these variables, failure of CA19-9 to normalize remained the sole predictor of poorer survival, increasing the risk of death by a factor greater than two.
Our survival outcomes are similar to those of a study published by Safi et al. that also examined the prognostic significance of CA19-9 in patients with persistently elevated levels versus patients with normalized levels, demonstrating survival of 10.9 and 32.2 months (p = 0.0001), respectively. 12 An interesting finding of our subgroup analysis was the difference in survival seen when patients were stratified into four groups accounting for both postoperative CA19-9 trend and nodal status. Arguably, the CA19-9 response after surgery is a more powerful predictor of survival than nodal status given the increased survival in patients with node-positive disease who normalized their CA19-9 compared with those without nodal metastases who did not meet this same endpoint (Table 3 , Fig. 2 ).
This study has several potential limitations to acknowledge. This study was undertaken in a retrospective fashion from a database of patients spanning 1998-2008. Though there have not been major advances in diagnosis and treatment of pancreatic cancer, this study design lends to the introduction of potential biases. Any small improvements that have been seen with the use of gemcitabine-based chemotherapy, radiation therapy, and more aggressive surgical approaches incorporating vascular reconstructions and radical lymphadenectomy may have led to better outcomes, albeit slight, in patients treated more recently. Additionally, in this study design, there were a large number of patients who were excluded due to inadequate acquisition and followup of CA19-9 levels. Immeasurable factors may influence when and why CA19-9 levels were obtained, thus potentially influencing the ultimate outcomes. Still, using common clinicopathologic characteristics, no differences were seen between groups.
Multiple studies have examined the implications and significance of elevated preoperative CA19-9 levels and their correlation to outcomes. [13] [14] [15] [16] There have been limited studies regarding the implications of postoperative CA19-9 levels that suggest that elevated and rising postoperative CA19-9 levels confer reduced survival. 12, [17] [18] [19] We propose that failure of normalization of CA19-9 may be of major prognostic significance and, despite a lack of efficacious treatments, should play a role in guiding alternative therapy. We suggest that all patients with suspected pancreatic cancer should have CA19-9 levels obtained at diagnosis, as well as postoperative CA19-9 levels in those patients amenable to attempted curative resection. The postoperative CA19-9 trend may be used to aid clinicians in the appropriate course of therapy. Those patients who do not normalize their CA19-9 levels postoperatively appear to have aggressive biologic behavior similar to those with persistent or metastatic disease, with shorter survival regardless of other clinicopathologic characteristics. Hence, we advocate that accrual to clinical trials and continued or alternative therapy should be considered in these patients, even if radiographic evidence of disease is absent.
